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During tht course of Infection, the host organism develops 
antibodies agifnst viral proteins. Including the major envelope 
glycoproteins gpizo and gp41. Despite this humoral Immunity, the 
disease progresses, resulting in a lethal Immunosuppression charac- 
terized by multiple opportunistic infections, parasitemia, dementia 
and death. The failure of host ant1 -viral antibodies to arrest the 
progression of the disease represents one of the most vexing and 
alarming aspects of the Infection, and augurs poorly for vaccination 
efforts based upon conventional approaches. 

Two factors may play a role In the Inefflcacy of the humoral 
response to Immunodeficiency viruses. First, like other RNA viruses 
(and like retroviruses In particular), the Immunodeficiency viruses 
show a high mutation rate which allows antigenic variation to progress 
at a high rate In response to host Immune surveillance. Second, the 
envelope glycoproteins themselves are heavily glycosylated molecules 
presenting few epitopes suitable for high affinity antibody binding. 
The poorly antigenic, 'moving- target which the viral envelope 
presents, allows the host little opportunity for restricting viral 
Infection by specific antibody production. 

Cells infected V-tb^HtY^lrus express the gpl20 glycoprotein on 
their surface. Gpl20 mediates fusion events among CD4* cells via a 
reaction similar to that by which the virus enters the uninfected 
cell, leading to the formation of short-lived multinucleated giant 
cells. Syncytium formation Is dependent on a direct Interaction of 
the gpl20 envelope glycoprotein with the C04 protein. Oalglelsh tl 
IL., iilBEi, Klatzmann, 0. t% i],, Jjajuxfi 312:763 (1984); McOougal, 
J.S. tt II . Sfilfjua, 221:382 (1986); Sodroskl, J. et .1. . Nature . 
122:470 (1986); Ufson, J.O. et ,1,. Hjlyxfi, 122:725 (1986); Sodroskl, 
J. et |U. flUim, 221:412 (1986). 

Tha C04 protein consists of a 370 amino acid extracellular region 
containing four lanunoglobulln-like domains, a membrane spanning 
domain, and a charged Intracellular region of 40 amino acid residues. 
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Maddon, P. at al. . £jtLL 42:93 (1985); Clark, S. et al.. PrflC, flfltl > 
Acid- Scl- (USA1 fil: IMS (1987). 

Evidence that CD4-gpl20 binding 1$ responsible for viral Infec- 
tion of cells bearing the CD4 antigen Includes the finding that a 
specific complex is formed between gpl20 and C04. NcDougal t\ il ■ * 
supra . Other workers have shown that cell lines, which were non- 
Infective for HIV t were converted to Infectable cell lines following 
trans feet 1 on and expression of the human C04 cDNA gene. Haddon fil 
al. . £ftll 42:333-348 (1986). 

In contrast to the majority of antibody-envelope Interactions, 
the receptor-envelope interaction 1s characterized by a high affinity 
(K a = l^l/wole) Inmjtable association. Moreover, the affinity of the 
virus for CD4 1s at least 3 orders of magnitude higher than the 
affinity of C04 for its putative endogenous Tig and, the WC class II 
antigens. Indeed, to date, a specific physical association between 
monomer 1c C04 and class II antigens has not been demonstrated. 

In response to bacterial or other particle Infection, the host 
organism usually produces serum antibodies that bind to specific 
proteins or carbohydrates on the bacterial or particle surface, 
coating the bacteria. This antibody coat on the bacterium or other 
particle stimulates cytolysls by Fc-receptor-bear1ng lymphoid cells by 
antibody-dependent cellular toxicity (AOCC). Other serum proteins, 
collectively called complement (C)» bind to antibody -coated targets, 
and also can coat foreign particles nonspeclflcally. They cause cell 
death by lysis, or stimulate Ingestion by binding to specific 
receptors on the macrophage called complement receptors. See Darnell 
J. et al- . In Molecular Cell Biology . Scientific American Books, pp. 
641 and 1087 (1986). 

The most effective complement activating classes of human Ig are 
IgM arid IgGl. The complement system consists of 14 proteins that, 
acting In order, cause lysis of cells. Nearly all of the t proteins 
exist 1n normal serum as Inactive precursors. When activated, some 
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become highly specific proteolytic enzymes whose substrate Is the next 
protein In a sequential chain reaction. 

The entire C sequence can be triggered by either of two Initia- 
tion pathways. In one (the classic pathway), Ab-Ag complexes bind and 
activate CI, C4 and C2 to fona a C3-spl1tt1ng enzyme. In the second 
pathway, polysaccharides commonly on the surface of many bacteria and 
fungi bind with trace amounts of a C3 fragment and then with two other 
proteins (factor B and properdin) to form another C3-spl1tt1ng enzyme. 
Once C3 Is split by either pathway, the way Is open for the remaining 
sequence of steps which lead to cell lysis. See Davis, B.D., et 
In Microbiology . 3rd ed.. Harper and Row, Philadelphia, PA, pp. 452- 
466 (1980). 

A number of workers have disclosed methods for preparing hybrid 
proteins. For example, Murphy, United States Patent 4,675,382 (1987), 
discloses the use of recombinant ONA techniques to make hybrid protein 
molecules by forming the desired fused gene coding for a hybrid 
protein of dlptherla toxin and a polypeptide llgand such as a hormone, 
followed by expression of the fused gene. 

Nany workers have prepared monoclonal antibodies (Nabs) by 
recombinant ONA techniques. Monoclonal antibodies are highly specific 
well -characterized molecules In both primary and tertiary structure. 
They have been widely used for in vitro Immunochemical characteriza- 
tion and quantitation of antigens. Genes for heavy and light chains 
have been Introduced Into appropriate hosts and expressed, followed by 
reaggregatlon of the Individual chains Into functional antibody 
molecules (see, for example, Munro, Nature 212:597 (1984); Morrison, 
S.L., StlinCfi 222:1202 (1985); 01 et al.. Blotachnlmies 4:214 (1986); 
Hood et al .. Mature ai£:446-449 (1985)). Light- and heavy-chain 
variable regions have been cloned and expressed In foreign hosts 
wherein they maintained their binding ability (Moore at al . , European 
Patent Application 0088994 (published September 21, 1983)). 

Chimeric or hybrid antibodies have also been prepared by recom- 
binant. ONA techniques. 01 and Morrison, Blotechnloues 1:214 (1986) 
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descrlbe a strategy for producing such chimeric antibodies which 
Include a chimeric human IgG ant1«leu3 antibody. 

6asco1gne, N.R.J. , gt ll,, Proc. Natl. Acad. S<H . iiKt) 84:2936- 
2940 (1987) disclose the preparation of a chimeric gene construct 
containing a T-cell receptor «-cha1n variable (V) domain and the 
constant (C) region coding sequence of an Immunoglobulin T 2a molecule. 
Cells transfected with the chimeric gene synthesize a protein product 
that expresses Immunoglobulin and T-cell receptor antigenic 
determinants as well as protein A binding sites. This protein 
associates with a normal X chain to form an apparently normal 
tetrameHc (H 2 L 2 , where H-heavy and L-ltght) Immunoglobulin molecule 
that Is secreted. 

Sharon, J., £i_il., MUllTA 205:54 (1984), disclose construction 
of a chimeric gene encoding the variable (V) region of a mouse heavy 
chain specific for the hapten azophenylarsonate and the constant (C) 
region of a mouse kappa light chain (V H C K ). This gene was Introduced 
Into a mouse myeloma cell line. The chimeric gene was expressed to 
give a protein which associated with light chains secreted from the 
myeloma cell line to give an antibody molecule specific for 
azophenyl arsenate . 

Morrison, Sii£HSS. 221- 1202 (1985), discloses that variable light- 
or variable heavy-chain regions can be attached to a non-Ig sequence 
to create fusion proteins. This article states that the potential 
uses for the fusion proteins are three: (1) to attach antibody 
specifically to enzymes for use In assays; (2) to Isolate non-lg 
proteins by antigen columns; and (3) to specifically deliver toxic 
agents. 

Recent techniques for the stable Introduction of immunoglobulin 
genes Into myeloma cells (Banerjl, J., et a! .. £eJl 3J:729-740 (1983); 
Potter, H.; ffc_il.» Proc. Natl. Aead. Sei. mm fti tki.tik (1984)), 
coupled with detailed structural Information, have permitted the use 
of in Vitro Oh* methods such as mutagenesis, to generate recombinant 
antibodies possessing novel properties. 
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PCT Application W087/02671 discloses methods for producing 
genetically engineered antibodies of desired variable region speclfl- 
city and constant region properties through gene cloning and expres- 
s on of light and he*vy chains. The mRMA from cloned hybrid**. B cell 
lines which produce monoclonal antibodies of desired specificity Is 
isolated for cDHA cloning. The generation of light and heavy chain 
cod ng sequence, Is accomplished by excising the cloned variable 
regions and lig.tlng them to light or heavy chain module vectors. 
This gives cONA sequences which code for Immunoglobulin chains. The 
lack of introns allows these cONA sequences to be expressed in 
prokaryotlc hosts, such as bacteria, or In low- evkaryotlc hosts, 
such as yeast. 

The generation of chimeric antibodies in which the antigen- 
binding portion of the Immunoglobulin is fused to other moieties has 
been demonstrated. Examples of non-1«m„noglobul in genes fused to 

Tl IZ T'T St " hYl0 " rn " " ucl ""' the oncogene 

c-flyi, and the Klenow fragment of E, coll OKA polymerase I (Heuberger. 

pi : m: * 04 - 61 * <»««>5 Heuberger. M.S.. Trend, in 

r!ln! T V 9enet1C en9lneer1 "9 <* the variable and constant 
regions of an immunoglobulin molecule that Is expressed in E. eo n 
host cell,. ,t is further disclosed that the Immunoglobulin macule 
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European Patent Application 125.023 relates to the use of 
recombinant UNA technique, to produce Immunoglobulin molecules that 
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these immunoglobulin molecules Is for whole-body diagnosis and 
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ti,,ue,. The presence of th. disease can be determined by. attaching a 
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sultable label to the antibodies, or the diseased tissue can be 
attacked by carrying a suitable drug with the antibodies. The 
application describes antibodies engineered to aid the specific 
delivery of an agent as "altered antf bodies* • 

PCT Application V083/131S33 describes chimeric antibodies wherein 
the variable region of an immunoglobulin molecule Is linked to a 
portion of a second protein which say comprise the active portion of 
an enzyme. 

Boullanne Nature 212:643 (1984) constructed an Immuno- 

globulin gene In which the DNA segments that encode mouse variable 
regions specific for the hapten trlnltrophenol (TNP) are Joined to 
segments that encode human mu and kappa regions* These chimeric genes 
were expressed to give functional TNP-b1nd1ng chimeric IgM. 

Morrison et il.. P.N.A-S. fUSA) fil:6851 (1984), disclose a 
chimeric molecule utilizing the heavy-chain variable region exons of 
an antl-phosphoryl choline myeloma protein G, which were Joined to the 
exons of either human kappa 11ght-cha1n gene. The genes were trans- 
fected Into mouse myeloma ce?1 lines, generating transformed cells 
that produced chimeric mouse-human IgG with antigen-binding function. 

Despite the progress that has been achieved on determining the 
mechanism of HIV Infection, a need continues to exist for methods of 
treating HIV viral infections. 

SWARY OF THE INVENTION 

The Invention relates to a gene comprising a ONA sequence which 
encodes a fusion protein comprising 1) CD4, or a fragment thereof 
which binds to HIV gpl20, and 2) an Immunoglobulin light or heavy 
chain; wherein said CD4 or HIV gpl20-b1nd1ng fragment thereof replaces 
the variable region of the light or heavy Immunoglobulin chain. 

The Invention also relates to vectors containing the gene of the 
Invention and hosts transformed with the vectors. 
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or gpl20 with the fusion protein or immunoglobul 1n-l Ike molecule of 
the Invention, end detecting whether a complex has formed. 

DESCRIPTION OF THE PREFERRED EHBQDIHEHTS 

The invention Is directed to a protein gene which comprises 

1) a DMA sequence which codes for CD4, or fragment thereof 
which binds to HIV gpl20 t fused to 

2) a ONA sequence which encodes an Immunoglobulin heavy 
chain. 

Preferably, the antibody has effector function* 

The invention 1s also directed to a protein gene which comprises 

1) a DNA sequence which codes for C04 f or fragment thereof 
which binds to HIV gpl20, fused to 

2) a DNA sequence which encodes an Immunoglobulin light 
chain; wherein said sequence which codes for CD4, or HIV 
gpl20-b1nding fragment thereof, replaces the variable region 
of the light Immunoglobulin chain. 

The Invention Is also directed to the expression of these novel 
fusion proteins In transformed hosts and the use thereof to treat and 
diagnose HIV Infections. In particular, the Invention relates to 
expressing said genes in mammalian hosts which express complementary 
light or heavy chain Immunoglobulins to give Immunoglobul in-1 Ike 
molecules which have antibody effector function and also bind to HIV 
or SIV gpl20. 

The term "antibody effector function" as used herein denotes the 
ability to fix complement or to activate AOCC. 

The fusion proteins and Immunoglobul In-like molecules may be 
administered to an animal for the purpose of treating HIV or SIV 
Infections* By the terms "HIV Infections" 1s Intended the condition 
of having AIDS, AIDS related complex (ARC) or where an animal harbors 
the AIDS virus, but does not exhibit the clinical symptoms of AIDS or 
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ARC. By the terms "SIV Infections" is Intended tht condition of being 
infected with simian Immunodeficiency vims. 

By the ten "animal" Is Intended all animals which may derive 
benefit from the administration of the fusion proteins and Immuno- 
globulln-like molecules of the Invention. Foremost among such animals 
are humans, however, the Invention Is not Intended to be so limited. 

By the term "fusion protein" Is Intended a fused protein 
comprising CD4, or fragment thereof which Is capable of binding to 
gp!20, linked at Its C- terminus to an Immunoglobulin chain wherein a 
portion of the N- terminus of the Immunoglobulin Is replaced with CD4. 
In general, that portion of Immunoglobulin which Is deleted 1s the 
variable region. The fusion proteins of the Invention may also 
comprise Immunoglobulins where more than Just the variable region has 
been deleted and replaced with C04 or HIV gp!20 binding fragment 
thereof. For example, the V H and CHI regions of an Immunoglobulin 
chain may be deleted. Preferably, any amount of the N-termlnus of the 
Immunoglobulin heavy chain can be deleted as long as the remaining 
fragment has antibody effector function. The minimum sequence 
required for binding complement encompasses domains CH2 and CH3. 
Joining of Fc portions by the hinge region 1s advantageous for 
Increasing the efficiency of complement binding. 

The CD4 portion of the fusion protein may comprise the complete 
CD* sequence, the 370 amino acid extracellular region and the membrane 
spanning domain, or the extracellular region. The fusion protein may 
comprise fragments of the extracellular region obtained by cutting the 
DMA sequence which encodes CD4 at the BspHl site at position 514 or 
the PvuII site at position 629 (see Table 1) to give nucleotide 
sequences which encode C04 fragments which retain binding to gp!20. 
In general, any fragment of C04 may be used as long as It retains 
binding to gpl20. 

Where the fusion protein comprises an Immunoglobulin light chain, 
1t is necessary that no more of the Ig chain be deleted than 1s 
necessary to form a stable complex with a heavy chain Ig. In partlcu- 
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lar, the cysteine residues necessary for disulfide bond formation must 
be preserved on both the heavy and light chain moieties. 

When expressed In a host v e.g., a manaallan cell, the fusion 
protein nay associate with other light or heavy Ig chains secreted by 
the oil to give a functioning Immunoglobul In-like molecule which Is 
capable of binding to gpl20. The gpl20 say be In solution, expressed 
on the surface of Infected cells, or may be present on the surface of 
the HIV vims Itself. Alternatively, the fusion protein may be 
expressed In a mammalian cell which does not secrete other light or 
heavy Ig chains. When expressed under these conditions, the fusion 
protein may form a homodlmer. 

Genomic or CDMA sequences may be used 1n the practice of the 
Invention. Genomic sequences are expressed efficiently 1n myeloma 
cells, since they contain native promoter structures. 

The constant regions of the antibody cloned and used 1n the 
chimeric Immunoglobul 1n-11ke molecule may be derived from any mam- 
malian source. The constant regions may be complement binding or AOCC 
active. However, preliminary work (see Examples) Indicates that the 
fusion proteins of the Invention may mediate HIV or SIV Infected cell 
death by an AOCC or complement- Independent mechanism. The constant 
regions may be derived from any appropriate isotype, Including IgGl, 
IgG3, or IgM. 

The joining of various DNA fragments, 1s performed In accordance 
with conventional techniques, employing blunt-ended or staggered-ended 
termini for ligation, restriction enzyme digestion to provide appro- 
priate termini, filling 1n of cohesive ends as appropriate, alkali and 
phosphatase treatment to avoid undesirable Joining, and ligation with 
appropriate llgases. The genetic construct may optionally encode a 
leader sequence to allow efficient expression of the fusion protein. 
For example, the leader sequence utilized by Haddon et al. . Cell 
1^:93-104 (1985) for the expression of C04 may be used. 

For cDNA, the cONA may be cloned and the resulting clone screen- 
ed, for example, by use of a complementary probe or by assay for 
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expressed C04 using an antibody as disclosed by Dalgleish €t al. . 
MltUTfi 312:763-766 (1964); Klatzmann fUL, Immunol. Today 2:291-297 

(1986); HcDcjgal et »1 . . J. Tn—mal 135:3151-3162 (1985); and 
teDougal, J. fit a,],, J. luinnl. 137:2937-2944 (1986). 

To express the fusion hybrid protein, transcriptional and 
translation*! signals recognized by an appropriate host element are 
necessary. Eukaryotlc hosts which may be used Include mammalian cells 
capable of culture 1n vitro, particularly leukocytes, more particu- 
larly myeloma cells or other transformed or oncogenic lymphocytes, 
e.g., EBV-transformed cells. Alternatively, non-mamma11an cells may 
be employed, such as bacteria, fungi, e.g., yeast, filamentous fungi, 
or the like. 

Preferred hosts for fusion protein production are mammalian 
cells, grown in vitro in tissue culture or In vivo 1n animals. 
Mammalian cells provide post translatlonal modification to Immuno- 
globulin protein molecules which provide for correct folding and 
glycosylate of appropriate sites. Mammalian cells which may be 
useful as hosts Include cells of fibroblast origins such as VERO or 
CH0-K1 or cells of lymphoid origin, such as the hybridoma SP2/0-AG14 
or the myeloma P3x63Sgh, and their derivatives. For the purpose of 
preparing an Immunoglobulin-! ike molecule, a plasmid containing a gene 
which encodes a heavy chain immunoglobulin, wherein the variable 
region has been replaced with C04 or fragment thereof which binds to 
gpl20, may be introduced, for example, into J558L myeloma cells, a 
mouse plasmacytoma expressing the lambda -1 light chain but which does 
not express a heavy chain (see 01 et al.. P.N.A.S. fus/n fifl:825-829 
(1983)). Other preferred hosts Include COS cells, BHK cells and 
hepatoma ce>ls. 

The constructs may be joined together to form a single ONA 
segment or may be maintained as separate segments, by themselves or in 
conjunction with vectors. 
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Where the fusion prottln Is not glycosylated, an/ host my b€ 
used to txprtss tht prottln which 1s compatible with repllcon and 
control sequences In the expression plasmld. In general, vectors 
containing repllcon and control sequences are derived from species 
compatible with a host cell are used 1n connection with the host. The 
vector ordinarily carries a repllcon site* as well as specific genes 
which are capable of providing phenotyplc selection 1n transformed 
cells. The expression of the fusion protein can also be placed under 
control with other regulatory sequences which may be homologous to the 
organism in its un trans formed state. For example, lactose-dependent 
E. coll chromosomal DNA comprises a lactose or lac operon which 
mediates lactose utilization by elaborating the enzyme beta-gal acto- 
sldase. The lac control elements may be obtained from bacterial phage 
lambda p1ac5 9 which 1s infective for E. col 1 . The lac promoter- 
operator system can be Induced by IPTG. 

Other promoters/operator systems or portions thereof can be 
employed as well. For example* colldn El, galactose, alkaline 
phosphatase, tryptophan, xylose, Jax» *nd the like can be used. 

For mammalian hosts, several possible vector systems are avail- 
able for expression. One class of vectors utilize DNA elements which 
are derived from animal viruses such as bovine papilloma virus, 
polyoma virus, adenovirus, vaccinia virus, baculovlrus, retroviruses 
(RSV, MHTV or HOMLV), or SV40 virus. Cells which have stably Inte- 
grated the ONA into their chromosomes may be selected by Introducing 
one or more markers which allow selection of transfected host cells. 
The marker may provide for prototropy to an auxotrophic host, bloclde 
resistance, e.g., antibiotics, or heavy metals such as copper or the 
like. The selectable marker gene can be either directly linked to the 
DNA sequences to be expressed, or Introduced Into the same cell by 
cotransformatlon. Additional elements may also be needed for optimal 
synthesis of mRNA. These elements may Include splice signals, as well 
as transcriptional promoters, enhancers, and termination signals. The 
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the be fluted by treatment with a chaotroplc salt or by tlutlon with 
aqueous acetic add (IB). 

Alternatively the fusion proteins say be purified on ant1-CD4 
antibody coVjmns, or on antl-lmmjnoglobtl 1n antibody coluams. 

In one embodiment of the Invention, cOHA sequences which encode 
CD4, or a fragment thereof which binds gpl20 t nay be llgated Into an 
expression plasmld which codes for an antibody wherein the variable 
region of the gene has been deleted. Methods for the preparation of 
genes which encode the heavy or light chain constant regions of 
1mminog1obul1ns are taught, for example, by Robinson, R. et al. . PCT 
Application, Publication No. W087-02671. 

Preferred Immunoglobul 1n-l1ke molecules which contain CD4, or 
fragments thereof, contain the constant region of an IgM, IgGl or IgG3 
antibody which binds complement at the Fc region. 

The fusion protein and Immunoglobul 1n-11ke molecules of the 
Invention may be used for the treatment of HIV viral Infections. The 
fusion protein complexes to gpl20 which Is expressed on Infected 
cells. Although the Inventor Is not bound by a particular theory, 1t 
appears that the Fc portion of the hybrid fusion protein may bind with 
complement, which mediates destruction of the cell. In this manner, 
Infected cells are destroyed so that additional viral particle 
production Is stopped. 

For the purpose of .reatlng HIV Infections, the fusion protein or 
Immunoglobul 1n-l1ke molecule of the Invention may additionally contain 
a radlolabel or therapeutic agent which enhances destruction of the 
HIV particle or HIV-infected cell. 

Examples of radioisotopes which can be bound to the fusion 
protein or lommnoglobul In-like molecule of the Invention for use in 
HIV-therapy are "*I t »l If 90 Yt 67 CUf 2l7 B1f 211 At , 212 Pbf 47 SCt lnd 

1W W. Optionally, a label such as boron can be used which emits a 
and 0 particles upon bombardment with neutron radiation. 



PCT/US89^t2» 

16- 



For J^jtuu, diagnosis radionuclide, .ay b€ bound to the fusion 
dTl' l\ !T ,» i " W 7 ,0bu,1n - llk « of th. lotion either 

1^ Z H: , n ! lBt ~ dl "T Clonal group. An Inter- 

« Mttllle cations, to antibodies 1, dlathyl.netriamlnepentaacetic 

•CM (OTM). Typical example, 0 f Gallic cations 1Hch are bound in 
th1, «,„„, P are 123,, lll In . 131,, 97 Ru , 67 Cu , 67 Ga , 

Moreover, the fusion protein and immunoglobulin- like molecule 'of 
JI^ ° B 68 *—« •» «W *~9lng agent *hich Include 

-Uhln a patient using NNR techniques. Elements which are particu- 
larly useful 1n this manner are 157,*, SS^, lS2 Dv , 52 CPf and 

such TT2l C ^ 1nClUde * f ° r MM,ple ' bacte " a1 toxins 

such as diphtheria toxin, or rlcln. Methods for producing fusion 

proteins comprising fragment A of diphtheria toxin .4 taught In US 
Cham,. Th e B chain bind, the to,1n to a receptor on a cell LrJ.ce. 

I.L \ 1" aCtU * lljf MterS th * Cyt0pU$ " " d 1nh ^Us protein 
synthesis by Inactivating elongation factor 2, the factor th.t 

SeT^n r ?° S0We$ tl0n9 eo ~- rtt «»» "th "XTolysIs of ETP. 
£r£T-L J " I 1L - 11 - 1n »v1«WTir mi flinty, Scientific 

Tot coTr I; V*. P ' 9e (1986) ' A,t -«1vely. a fusion 

protein comprising rlcln, a toxic lectin, may be prepared 

b« con?ri U .Ud° n f° f ^ C V" eHC "° ,eCU,e$ by 9Me 
^trllrtH. J". • 5<a, " P1, • U$1 " 9 r * trov1 ™« " «ther means to 
u^!\ ' MteHil enCOd1ng th « Plains Into 

sultabl^target tissue,. ,„ this embodiment, th. target tissues 

ir/IT" 9ene$ " 1 nt,on - then ~ «■ 

Th. do., r«*., f„ th. .d»1»1,tr,t1o. ,f u. fu,t«. .rotetn or 
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large enough to product the desired tfftct whereby tht symptoms of HIV 
or SIV Inftctlon art ameliorated. Tht dosage should not bt so large 
as to cause advtrst side effects, such as unwanted cross-reactions, 
anaphylactic reactions, and tht Ilka. Centrally, tht dosagt will vary 
with the age, condition, stx and txtent of disease In tht patient, 
counttrlndlcatlons, 1f any, Immune tolerance and other such variables, 
to bt adjusted by the Individual physician. Dosage can vary from .01 
mg/kg to 50 mg/kg, preferably 0.1 og/kg to 1.0 mg/kg, of the Immuno- 
globulin-! Ike molecule 1n ont or more administrations dally, for one 
or several days. The Immunoglobulin- like molecule can be administered 
parenteral 1y by injection or by gradual perfusion over time* They can 
be administered Intravenously, Intraperltoneally, Intramuscularly, or 
subcutaneously. 

Preparations for parenteral administration Include sterile or 
aqueous or non-aqueous solutions, suspensions, and emulsions. 
Examples of non-aqueous solvents are propylene glycol, polyethylene 
glycol, vegetable oils such as olive oil, and Injectable organic 
esters such as ethyl oleate. Aqueous carriers Include water, alco- 
holic/aqueous solutions, emulsions or suspensions, Including saline 
and buffered media. Parenteral vehicles Include sodium chloride 
solution, Ringer's dextrose, dextrose and sodium chloride, lactated 
Ringer's, or fixed oils. Intravenous vehicles Include fluid and 
nutrient replenishes, electrolyte replenishes, such as those based 
on Ringer's dextrose, and the like. Preservatives and other additives 
may also be present, such as, for example, antimicrobials, anti- 
oxidants, chelating agents. Inert gases and the like. Set, generally, 
Remington's Pharmaceutical Science, 16th Ed., Mack Eds., 1980. 

The Invention also relates to a method for preparing a medicament 
or pharmaceutical composition comprising the components of the 
invention, the medicament being used for therapy of HIV or SIV 
Infection In animals. 

The detection and quantitation of antigenic substances and 
biological samples frequently utilized Immunoassay techniques. These 
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technlques are based upon the formation of the complex between the 
entlgenic substance, e.g., gplZO, being assayed and an antibody or 
antibodies In which one or the other ember of the complex may be 
detectably labeled. In the present Invention, the Immunoglobulin- like 
molecule or fusion protein may be labeled with any conventional label. 

Thus, the hybrid fusion protein or Itmunoglobul In-like molecule 
of the Invention can also be used In assay for HIV or SIV viral 
infection 1n a biological sample by contacting a sample, derived from 
an animal suspected of having an HIV or SIV Infection, with the fusion 
protein or Immunoglobulin- like molecule of the Invention, and 
detecting whether a complex with gpl20, either alone or on the surface 
of an HIV-infected cell, has formed. 

For example, a biological sample may be treated with nitro- 
cellulose, or other solid support which Is capable of Immobilizing 
cells, cell particles or soluble protein. The support may then be 
washed with suitable buffers followed by treatment with the fusion 
protein which may be detectably labeled. The solid phase support may 
then be washed with the buffer a second time to remove unbound fusion 
protein and the label on the fusion protein detected. 

In carrying out the assay of the present Invention on a sample 
containing gpl20, the process comprises: 

a) contacting a sample suspected containing gpl20 with a 
solid support to effect immobilization of gpl20, or cell which 
expresses gpl20 on Its surface; 

b) contacting ?a1d solid support with the detectably labeled 
Immunoglobul In-like molecule or fusion protein of the Invention; 

c) incubating said detectably labeled Immunoglobul In- like 
molecule with said support for a sufficient amount of time to allow 
the Immunoglobulin-! 1ke molecule or fusion protein to bind to the 
immobilized gpl20 or cell which expresses gpl20 on its surface; 

_ d) separating the solid phase support from the incubation 
mixture obtained In step c); and 
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t) detecting the bound Immunoglobulins ike molecule or 
fusion protein and thereby detecting and quantifying gpl20. 

Alternatively, labeled Immunoglobulin- like molecule (or fusion 
protein) -gpl20 complex In a sample may be separated from a reaction 
mixture by contacting the complex with an Immobilized antibody or 
protein which Is specific for an immunoglobulin or, e.g., protein A, 
protein 6, antl-IgM or antl-IgG antibodies. Such ant 1- Immunoglobulin 
antibodies may be monoclonal or polyclonal. The solid support may 
then be washed with suitable buffers to give an Immobilized gpl20- 
labeled. Immunoglobulin- like molecule antibody complex. The label on 
the fusion protein may then be detected to give a measure of 
endogenous gp!20 and, thereby, the presence of HIV. 

This aspect of the Invention relates to a method for detecting 
HIV or SIV viral Infection In a sample comprising 

(a) contacting a sample suspected of containing gpl20 with 
a fusion protein or Immunoglobul In-like molecule 
comprising C04, or fragment thereof which binds to 
gp!20, and the Fc portion of an Immunoglobulin chain, 

(b) detecting whether a complex Is formed. 

The Invention also relates to a method of detecting gpl20 in a 
sample, further comprising 

(c) contacting the mixture obtained In step (a) with an Fc 
binding molecule, such as an antibody, protein A, or 
protein 6, which Is Immobilized on a solid phase 
support and 1s specific for the hybrid fusion protein, 
to give a gpl20 fusion protein- immobilized antibody 
complex 

(d) washing the solid phase support obtained In step (c) to 
remove unbound fusion protein, 

(t) and detecting the label on the hybrid fusion protein. 
Of course, the specific concentrations of detectably labeled 
Immunoglobul In-like molecule (or fusion protein) and gpl20, the 
temperature and time of Incubation, as well as other assay conditions 
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■ay be varied, depending on various factors Including tht concentra- 
tion of gp!20 In the sample, the nature of the sample, and the like. 
Those skilled 1n the art will be able to determine operative and 
optimal assay conditions for each determination by employing routine 
experimentation. 

Other such steps as washing* stirring, shaking, filtering and the 
like may be added to the assays as 1s customary or necessary for the 
particular situation. 

One of the ways In which the Immunoglobulin-! 1ke molecule or 
fusion protein of the present Invention can be detectably labeled 1s 
by linking the same to an enzyme. This enzyme, In turn, when later 
exposed to Its substrate, will react with the substrate In such a 
manner as to produce a chemical moiety which can be detected as, for 
example, by spectrophotometry, fluorometrlc or by visual means. 
Enzymes which can be used to detectably label the 1mmunoglobu11n-11ke 
molecule or fusion protein of the present Invention Include, but are 
not limited to, malate dehydrogenase, staphylococcal nuclease, delta- 
V- steroid Isomerase, yeast alcohol dehydrogenase, alpha-glycerophos- 
phate dehydrogenase, trlose phosphate Isomerase, horseradish 
peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, beta- 
gal actosldase, rlbonuclease, urease, catalase, glucose-VI-phosphate 
dehydrogenase, gl ucoamyl ase and acetylcholine esterase. 

The_ Immunoglobulin like molecule or fusion protein of the present 

Invention may also be labeled with a radioactive isotope which can be 

determined by such means as the use of a gamma counter or a 

scintillation counter or by autoradiography. Isotopes which are 

particularly useful for the purpose of the present Invention are: 3 H f 
125 It U1 U 32p, 35 Sf 14 Cf 51 Cr , 36 clf 57 Co> 58 Co , 59 Fe and 75 Se . 

It Is also possible to label the Immunoglobulin- like molecule or 
fusion protein with a fluorescent compound. When the fluorescently 
labeled immunoglobul in-like molecule Is exposed to light of the proper 
wavr length, Its presence can then be detected due to the fluorescence 
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of th« dye. Among the most commonly used fluorescent labelling 
compounds are fluorescein 1 sothlocyanate, rhodamlne, phycoerytherln, 
phycocyanln, allophycocyanln, g-phthaldehyde end fluorescamlne. 

The Immunoglobulin- like molecule or fusion protein of the 
Invention can el so be detecUMy labeled using fluorescence emitting 
metals such as 152 Eu, or others of the lanthanlde series. These 
metals can be attached to the Immunoglobul In-like Molecule or fusion 
protein using such metal chelating groups as d 1 ethyl enetrl ami nepenta- 
acetlc acid (DTPA) or ethylened1«m1netetraacet1c add (EDTA). 

The lununoglobulln-llke molecule or fusion protein of the present 
Invention also can be detectably labeled by coupling It to a 
cheml luminescent compound. The presence of the cheml luminescent - 
tagged Immunoglobulin- like molecule or fusion protein Is then 
determined by detecting the presence of luminescence that arises 
during the course of a chemical reaction. Examples of particularly 
useful cheml luminescent labeling compounds are lumlnol, Isolumlnol, 
theromatlc acrldlMum ester, Imidazole, acrldinlum salt and oxalate 
ester. 

Likewise, a blolumlnescent compound may be used to label the 
1mmunoglobu11n-11ke molecule or fusion protein of the present 
Invention. B1o1um1nescence Is a type of cheml luminescence found In 
biological systems In which a catalytic protein Increases the 
efficiency of the cheml luminescent reaction. The presence of a 
blolumlnescent protein 1s determined by detecting the presence of 
luminescence. Important blolumlnescent compounds for purposes of 
labeling are luclferln, ludferase and aequorln. 

Detection of the Immunoglobulin- like molecule or fusion protein 
may be accomplished by a scintillation counter, for example. If the 
detectable label 1s a radioactive gamma emitter, or by a fluorometer, 
for example. If the label 1s a fluorescent material. In the case of 
an enzyme label, the detection can be accomplished by coloHmetrlc 
methods which employ a substrate for the enzyme. Oetectlon may also 
be accomplished by visual comparison of the extent of enzymatic 
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reactlon of a substrate In comparison with similarly prepared 
standards. 

The assajr of the present Invention Is Ideally suited for the 
preparation of a kit. Such a kit may comprise a carrier means being 
compartmentalized to receive In close confinement therewith one or 
■ore container e»ans such as vials, tubes and the like, each of said 
container means comprising the separate elements of the Immunoassay. 
For example, there may be a container means containing a solid phase 
support, and further container means containing the detectably labeled 
Immunoglobul In-like molecule or fusion protein In solution. Further 
container means may contain standard solutions comprising serial 
dilutions of analytes such as gplZO or fragments thereof to be 
detected. The standard solutions of these analytes may be used to 
prepare a standard curve with the concentration of gpl20 plotted on 
the abscissa and the detection signal on the ordinate. The results 
obtained from a sample containing gpl20 may be Interpolated from such 
a plot to give the concentration of gpl20. 

The immunoglobulin^ ike molecule or fusion protein of the present 
Invention can also be used as a stain for tissue sections. For 
example, a labeled immunoglobul In-like molecule comprising CD4 or 
fragment thereof which binds to gpl20 may be contacted with a tissue 
section, e.g., a brain biopsy specimen. This section may then be 
washed and the label detected. 

The following examples are Illustrative, but not limiting the 
method and composition of the present Invention. Other suitable 
modifications and adaptations which are obvious to this skill 1n the 
art are within the spirit and scope of this Invention. 



PCT/USW/00238 



-23- 

The extracellular portion of the C04 molecule (Set Hidden, P.O., 
fiL-lL*. Call 12:93*104 (1985)) was fused at three locations 1n a human 
IgGl heavy chain constant region gene by weans of a synthetic splice 
donor linker molecule. To exploit the splice donor linker, a BamHI 
linker having the sequence CGCGGATCCGCG was first Inserted at amino 
add residue 395 of the CM precursor sequence (nucleotide residue 
1295). A synthetic splice donor sequence 

GATCCCGAGCGTGAGTACTA 

GGCTC C CACTC ATGATTC 6A 
bounded by BamHI and Hindi I I complementary ends was created and fused 
to the Hlndlll site in the Intron preceding the CHI domain, to the 
Espl site 1n the Intron preceding the hinge domain, and to the BanI 
site preceding the CH2 domain of the IgGl genomic sequence. Assembly 
of the chimeric genes by ligation at the BamHI site afforded molecules 
1n which either the variable (V) region, the V+CH1 regions, or the V, 
CHI and hinge regions were replaced by CD4. In the last case, the 
chimeric molecule Is expected to form a monomer structure, while 1n 
the former, a d1 merle molecule is expected. 

On such genetic construct which contains the DNA sequence which 
encodes CD4 linked to human IgGl at the Uiod3 site upstream of the CHI 
region (fusion protein CD4Htl) Is depicted In Table 1. The plasmld 
containing this genetic construct (pC04H7l) has been deposited In 
coll (MC1061/P3) at the American Type Culture Collection (ATCC) under 
the terms of the Budapest Treaty and given accession number 67611. 

A second genetic construct which contains the DMA sequence which 
encodes C04 linked to human IgGl at the iifl site upstream of the hinge 
region (fusion protein CD4Etl) 1s depicted 1n Table 2. The plasmld 
containing this genetic construct (pCD4E7l) has been deposited 1n 
fifili (KC1061/P3) at the ATCC under the terms of the Budapest Treaty 
and given accession number 67610. 

A third genetic construct which contains the DNA sequence which 
encodes CD4 linked to human IgH at the Mil2 site upstream of the CHI 
region (fusion protein CD4M0) Is depicted 1n Table 3. The plasmld 
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contalnlng this genetic construct (pC04*i) has been deposited In 
£0il (HC1061/P3) at the ATCC under the teras of the Budapest Treaty 
and given accession number 67609. 

A fourth genetic construct which contains the DMA sequence which 
encodes CM linked to human IgN at the £*1 site upstreaa of the CH2 
region (fusion protein CD4Pa) 1s depicted In Table 4. The plasald 
containing this genetic construct (pCD4Pa) has been deposited 1n 
coll (MC1061/P3) at the ATCC under the terms of the Budapest Treaty 
and given accession number 67608. 

A fifth genetic construct which contains the DMA sequence which 
encodes CM linked to huaan IgGl at the fiifll site downstreaa from the 
hinge region (fusion protein CIMB7I) Is depicted In Table S. 

Two similar constructs were prepared froa the huaan IgN heavy 
chain constant region by fusion with the Introns upstreaa of the a CHI 
and CH2 doaalns at an HstH site and a PstI site respectively. The 
fusions were aade by joining the PstI site of the C04/Ig61 construct 
fused at the Esp site In IgGl gene to the Nstll and Pst sites In the 
IgM gene. In the first Instance, this was performed by treataent of 
the Pst end with T4 DMA Polymerase and the HstH end with E. coll DMA 
Polymerase, followed by ligation; and In the second Instance, by 
ligation alone. 

Imaunoprec1p1tat1on of the fusion proteins with a panel of 
aonoclonal antibodies directed against C04 epitopes showed that all of 
the epitopes were preserved. A specific high affinity association Is 
demonstrated between the chimeric aolecules and HIV envelope proteins 
expressed on the surface of cells transf acted with an attenuated 
(reverse transcriptase deleted) provlral construct. 
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H CHH F SC HHNCF N BSC N 

P OHA 0 TR PCCRA U 6TR U 

H 4AE K NF AAIFN 4 VNF 4 

1 712 1 11 21111 H in h 

/ L ft II 
CTTCACCCCTCCTCCCTCCACGCATCCCCCCTATCCAGCCCCACTCCA6CCCACCAACCC 
1321 1380 

CAACTCCCGACCACCCACCTCCCTACCCCCCATACCTCCGCCTCACCTCCCCTCCTTCCG 
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AGGCCCCCTCTCCaCTTCACCCGGACCaaCCCCCCCCCACTCATCaCACCCACACG 

1381 ♦ -~» ♦ ♦ 1440 

TCCCGCCCACACGCACAACTCCCCaCCGACACCCCCCCCCTCACTACCACTCCaaCC 

BS P B BS S 

SC F M B N S SCOHA 

TR L A A L P TRRAU 

NF M E N A 1 NFAE9 

11 1 1 1 4 2 11236 

/ / / 

CTCTTCTCCCTTTTTCCCACCCTCTCCCCAGCCACACCCTACCTCCCCCTAACCCACCCC 

1441 ♦ ♦ ♦ • ♦ ♦ 1500 

CACAACACCGAAAAAGCCTCCGAGACCCCTCCCTCTCCGATCCACGCCGATTCGGTCCCC 

B B B S PS 

S DBS S y HNC ADNPA 

P DAP P N PCR VRLUU 

M EN1 ML AXF AAAM9 

1 122 1 1 211 22416 

CTCCACACAAAGGCOCACGTCCTCCCCTCACACCTCCCAACACCCATATCCCCCACCACC 

1501 ♦ ♦ ♦ ♦ ♦ ♦ 1560 

CACCTOTCTTTCCCCCTCCACCACCCGACTCTCCACCCTTaCCCT/ TACCCCaCCTCC 

D H DAM 

D A D L N 

E E E U L 

1 3 111 

aCCCCCTCACCT ACCCCACCCCAAACGCCAAACTCTCCAaCCaCACaCCCACACC 
1561 ♦ ♦ ♦ ♦ ♦ 1620 

GACGGGCACTGCAnCCGGTCGGGTTTCCGGTTT^ACACGTCAGGCACTCCACCCTGTCG 

H F 

I M MM BP DE AN 

N N AB BS DS LU 

F L EO VT EP U4 

1 1 32 11 11 1H 

/ II 
TTCTCTCCTCCCACATTCCAQTAACTCCCAATCTTCTCTCTCCACTCATTCCTCACCTCC 

1621 ♦ ♦ 1660 

AACACACGAGOCTCTAACCTCATTGACCGTTACAACAGACACCTCACTAACGACTCCACC 

V I A E L P - 
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M H V II N 

B C N B U 

OA L 0 0 

2 11 2 2 

aCCC^ACTCACCGTCTTCCTCCCACCCCCCGACCCCTTCTTCCCCAACCCCCCCAAGT 

1681 * . • — * ♦ 1740 

CACCCmCACTCCCAGAACCACGCTCCCGCGaCCCCAACAACCCGTTGCCCGCCTTCA 

PKVSVFVPPROCFFCNPRKS- 
BS 

A SC H 

L TR A 

U NF E 

1 11 3 

/ 

CCAACaCATCTCCCACGCCACCCCTTTCACTCCCCGGCACATTCACCTCTCCTCCCTCC 

1741 ♦ ♦ ♦ ♦ ♦ ♦ 1800 

CGTTCCACTACACCCTCCGGTGCCCAAACTCAGCGCCCCTCTAACTCCACACGACCCACC 

KL ICQATGFSP RQIQVSW LR- 

F B S BS H 

NHS HH AW AASCM OH I 

UN P PC HA VUTRN DAN 

DAM HA AE A9NFL EEF 

21 1 1 1 23 26 111 13 1 

/ / / 

GCGAGGGGAAGCAGCTGGGGTCT6GCGTCACCACGGACCAGCT0CACGCTGACGCCAAAC 

1801 — — — ♦ ♦ — — • I860 

CCCTCCCCTTCCTCCACCCCACACCCCACTCGTGCCTCCTCCACCTCCCAaCCCGITTC 

EGKQVGSCVTTDQVQAEAKE- 

SS B B 

AAHNABS SM H 

UUALPAP TA P 

09EAAN1 EE H 

6634122 23 1 

ACTCTCGGCCCACGACCTACAACGTGACCAGCACACTGACCATCAAAGAG. . . . 

1661 • « « ♦ . 1910 

TCAGACCCGGGTGCTGGATGTTCCACT GCTCCTCTCACTGGT ACTTTCTC .... 

SOPTTYKVTSTLTIKE .... 
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Tabl* 5 

FN SB 
MS B M H DMA S 

UP B N Q RAU T 

4 B V L A AE9 X 

H 2 11 1 236 1 

/ 

GCCTGTTTCACAACCAGCCCCCAAGAAACACCCAACCCCACAGCCCCTCCCATTTCTCTC 

1 — — ♦ ♦ ♦ — ♦ 60 

CCCACAAACTCTTCCTCCCCCGTTCITTCTGCCTTCCGCTCTCCCGCACCCTAAACACAC 

B PS S S 

DBS AONPA D OHNA M Ml HNC 

OAP VRLUU D RALU N AN PCR 

EN1 AAAM9 E AEA9 L EL AIF 

122 22416 1 2346 1 31 211 

/ / // / / / 

CCCTC AGGTC CCTACTGGCTCACGCCCCT GCCTCCCTCGGC AACGCCACAATGAACCCCC 

61 . ♦ 4 ♦ ♦ ♦ 120 

CCCAGTCCACCCATCACCCACTCCCCCGACCCAGCGAGCCCTrCCGCTGTTACTTCCCCC 

M N R C - 

H F F 

I B N HH NMD 

N B U HA UNO 

F V 4 AE 4 L E 

1 1 M 12 Mil 

CAGTCCCTTTTACGCACTTGCTTCTCCTGCTCCAACTGCCCCTCCTCCCACCAGCCACTC 

121 — — ♦ — ♦ ♦ * ♦ 180 

CTCAGCGAAAATCCCTGAACCAACACCACCACGTTCACCGCCACCAGCGTCGTCGGTGAC 

VPFRHLLLVLQLALIP AATQ- 

B E E R A 

B C C S L 

V 0 0 A U 

IKK 11 

ACCCAAACAAAGTCCTGCTCGCCAAAAAAGCCGATACAGTCGAACTGACCTGTACAGCTT 
181 ♦ * ♦ « ♦ 240 

TCCCTTTCTTTCACCACCACCCCI 1 1 1 1 1 CCCCTATGTCACCTTCACTCCACATCTCCAA 

G KKVVLCKKCOTVELTCTAS- 

H 

MM I 
B B N 

0 0 F 
2 2 1 

CCGACAACAACACCATACAATTCCACTGCAAAAACTCCAACCAGATAAAGATTCTCCCAA 
241 — r - 300 

CCCTCTTCT7 CTCCTATGT7AAGCTGACCTTTTTCACCT7GCTCTAT7TCTAACACCCTT . 

QKKSIQPHWKNSNQIKI LCN- 
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S F N 

A A M H I 

L U OH N 

U S DA F 

1 A 2 11 

ATCACCCCTCCTTCTTAACTAAACGTCCATCCAAQCTCAATCATCGCCCTCACTCAACAA 

301 --♦ -* ♦ ♦ • 360 

TACTCCCCAGGAACAATTCATTTCCAGCTACCTTCCACTTACTACCCCCACTCACTTCTT 

QC SFLTKGPSKLNDRADS RR- 

H 

I D 
N D 
F E 
% 1 

GAACCC1TTGGGACCAACCAAACTTCCCCCTGATCATCAACAATCTTAAGATACAACACT 

361 * — ■» ♦ 420 

C1TCCCAAACCCTCGTTCCTTTGAACCCCCACTACTACTTCTTAGAATTCTATCTTCTGA 

SL tOQGNFPLIIK NLKIEOS- 

S 

M M AMAM M 

B N VNUN A 

0 L AL9L E 

2 1 2161 1 

CAGATACTTACATCTCTGAAGTGGAGCACCAGAACGAGGACGTGCAATTGCTACTGTTCC 

421 ♦ * ♦ ♦ ♦ . 480 

CTCTATCAATCTACACACTTCACCTCCTCCTCTTCCTCCTCCACCTTAACCATCACAACC 

DTYICEVED QKEEVqL LVFG- 

B 

S S 
P T 
II Y 
1 1 
CATTCACTCCCAACTC7GACACCCACCTCCTTCAGCGGCAGACCCTCACCCTCACCTTGC 
481 ♦ • 540 

CTAACTCACCCTTGAGACTGTGCGTCGACGAAGTCCCCCTCTCGGACTGCGACTGGAACC 
LTAMSDTHLLQGQSLTLTLE- 
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P s 

H V FM A m 

P N LN U B 

H L in. 3 0 

1 1 il A 2 

CCCCTTCCTC C7 CCAAG7 C TTCCATCACCTTTGACCTCAA6AACAACCAAGTCTCTCTAA 
841 ---------------- gQQ 

CCCCAACCACCACCTTCAGAACCTAGTGGAAACTCGACTTCTTGTTCCTTCACAGACATT 
ASSSKSWITFDLKNKEVSVK- 

A H 

L P 

U H 

1 1 
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BS PS 




SM 


SCAONPAO 
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TA 


TRVRLUUD 
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EE 


NFAAAM9E 
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23 


11224161 
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AACCCCTTACCCACCACCCTAACCTCCACATCCCCAACAAGaCCCCCrCCACCTCACCC 
TTCCCCAATCCCTCCTCCGATTCCACCTCTACCCCTTCTTCCACCCCCACCTCCACTCGG 
RVTqDPKLQMCKKLPLHLTL- 

BS BSS 

M SCHS D M H SCAHM 

M TR AT 0 N P TRUAN 

L NF EU E L M NF9EL 

1 11 31 1 11 11631 

TCCCCCACCCCTTGCCTCACTATCCTCCCTCTCCAAACCTCACCCTCCCCCTTCAA6CCA 
961 ^....,.4.^. • . + 1020 

ACGGCGTCCGCAACGCACTCATACCACCCAGACCTTTCCACTCCCACCCCGAACTTCGCT 

PQALPQYACSCMLTLALEAK- 

S BS 
F SC 
A TR 
N NF 
1 11 

™ ^^W^CTTCCATCACCAACTCAACCTCCTCCTCATCACACCCAaCAGCrCCACA 
1021 ♦ • . — « . « ... „ J080 

TTTCTCCTTTCAACCTACTCCTTCACTTCCACCACCACTACTCTCCCTCAGTCCAGCTCT 
TCKLHQEVNLVVMRATQLQK- 
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PS S 

M AONNPA OF AM DE A 

N VRLLUU DA LN OS L 

L AAAAW9 EN UL EP U 

1 224416 11 11 11 i 

AAAATTTCACCTCT0ACCTCTCCCCACCCACC7CCCCTAACCTCAT0CTCACCTTCAAAC 
1081 --♦ « ♦ * 1140 

TTrTAAACTCCACACTCCACACCCCTCCCTCCACCOCATTCCACTACCAaCCAACTTTC 
NLTCEVWC P T S P K L M L S L K L- 

" T H M DM 

? A P N OS 

L Q A L ET 

1 1 2 1 12 

TGCACAACAAGCACGCAAACGTCTCGAAGCCCCACAACCCCGTGTCGCTGCTGAACCCTG 
1141 . « « ^ mimm — ^ — , 1200 

ACCTCTTGTTCCTCCGTTTCCACACCTTCCCCCTCTTCCCCCACACCCACCACTTGCCAC 

ENKEAKVSKRE KPVfVLMPE- 

H PS H 

F 0 y I A . AOPA I 

0 D A N V VRUU N 
K E E F A AAM9 F 

1 13 11 2216 1 

ACCCCCCGATGTCCCACTCTaCCTCACTCACTCCCCACACCTCaGCTCCAATCCAACA 
1201 ...... _« i960 

TCCCCCCCTACACCCTCACACACCACTCAC7CACCCCTCTCCACCACCACCTTACCTTGT 

ACMWQCLLSOSCQVLLESNI- 

S SA BHF BS B 

ANA HNCP SCNMAANXA SH 

VLU PCRA PIUNMULHV PP 

AA9 AIFL 1A0LH3A0A 1H 

236 2111 21211A421 21 

TCAACCTTaCCCCACATCCTCaCCCCCCTCCACCCCGATCCCCACCCTCACTGTCCCC 
1261 ••••-« ••-♦-•-»— —♦———•♦-••»••— J320 

ACTTCCAACACCCCTGTACCACGTCCCCCCACCTCCCCaACCCCTCCCAaCACACCCC 
KVLPTtSTPVHAOPE 




BS 


S 


S 


S 






sc 


F 


OHNA 


HNC 


A M 


M 


TR 


A 


RALU 


PCR 


F A 


B 


MF 


N 


AEA9 


AIF 


L E 


C 


11 


1 


2346 


211 


3 2 


2 


/ 




/ 


/ 







* 9/9669* PCT/USW/00236 

-66- 

RS S 

UF 
AO 

EK 
11 
/ 

TACACTACCCTCCATCCAGCGACAGCCCCCACCCCCGTCCTCACACCTCCACCTCCATCT 

1321 ♦ ♦ ♦ ♦ 1380 

ATCTCATCCCACCTACCTCCCTCTCCGGCCTCCCCCCACGACTCTCCACGTCGACGTACA 

BS S 

MO M SC M ANA M MS 

NO NTRBVLUB NT 

L E LNF0AA9 0 LY 

1 1 1 11 2 246 2 1 1 
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CTTCCTCA0:ACCT5A*CTCCTCCC6G6ACC6TCA6TCTTCaCTTCCCCCCAAAACCCA 

1381 — ♦ ♦ ♦ • me 

GAAGCm&TCCTCGACTTCACCACCCCCCTCCCACTCACAACCACAACCGGGGTTTTCCCT 
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AGGACACCCTCATGATCTCCCCGACCCCTCAGGTCACATGCGTCGTGGTGGACCTCAGCC 

1441 ♦ ♦ ♦ ♦ 1S00 

7CCTGTGCCACTACTACACGCCCTGCCCACTCCACTCTACCCACCACCACCTCCACTCGC 

TCVVVDVSH- 
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ACCAAGACCCTGACGTCAAGTTCAACTGCTACGTCGACCCCCTCCACGTGCATAATCCCA 

1501 ♦ ♦ * ♦ ♦ 1560 

TCCTTCTCGGACTCCACTTCAACTTCACCATGCACCTGCCCCACCTCCACGTATTACCCT 

E D PEV KFNtVVOGVEVHNAK- 

S 

R M R HNC HH 

S A S PCR GP 

A E A AIF AH 

1 2 1 211 11 

AGACAAAGCCGCGCCAGGACCACTACAACAGCACGTACCCCGTGCTCACCGTCCTCACCG 

1561 ♦ • . * ♦ 1620 

TCTGTTTCCCCCCCCTCaCCTCATCTTGTCCTGCATGGCCCACCACTCGCACCACTCCC 

TKPREEQYNSTYRVVSVLTV- 
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N TR s 
L NF A 

1621 T -5I^"^ CTCCCT ^ TCC ^ CWCTACMGTGC;UCCTCTCCAACAAACCC( -* 

AGwccTccTccTCAccGAcmcccrrcawTmcACGn 1680 
lhqovlnckey.kckvsnkal- 
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, N * VRLLUNU U 

X ? ~ AAAAML9 9 

1 1 2244116 6 

1681 Ifff^fffff^f^f^^^T^^^^CCTC^CCCCTWCCTCCCAC 

ACCCTCCCCGCTACCTCTmMTACAM 1 740 

PAPIEKTISKAK 

S N 

H M N HHN BSAH D M M S R 

ANL APA CRM D N A PS 

E L A EAE LI9E E L E B A 

3 1 3 321 U63 til J { 

CCCCACATCCACACACCCCCCCTCCCCCCACCaaCCCCTCACACTCACCCaCTACCA 



1741 

CCCGTGTACCTCTCTCCCCCCWCCCGGGTGGGACACGGCACTCTCACTCCCCACAK ' 8 °° 

F SS 

S !! J 2 R F AHNNCC 

ill ■ S 0 VPCCRR 

J V A K AA2XFF 

1 H 1 1 11 121111 

1801 Jli^fff^^CC^^CCACACCTCTACACCCTCCCCCCATCCCCCC 

TCCACACACWTCTCCCCTCGCGCCK 1860 

CQPR EPQVYTLPPSR O- 
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ATCACCTCACCAACAACCACCTCACCCTCACCTCCCTCCTCAAACCCTTCTATCCCACCC 
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TACTC6ACTCGTTCTTGCTCCACTC CCACTCCAC CCACCACTTTCC CAACATAGCCTCCC 
ELTKNQVSLTCLVKOFYPSD- 
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TGTACCCGCACCTCACCCTCTCCTTACCCCTCCCCCTCTTCTTGATCTTCTCCTCCGCAC 
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CCACCCTCGTCCCCTTCCAGAAGACTACCACGCACTACCTACTCCCACACCTGTT3CTCA 
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EfiMBlt 2; Preparation of the Fusion Prot#1ns from S upernatant* of 

cos c«n* 

COS cells grown 1n ONE medium supplemented with 101 Calf Serum 
and gentamlcln sulfate at 15 «/ml were split Into ONE medium 
containing 10% NuSerum (Collaborative Research) and gentamlcln to give 
50% confluence the day before transfectlon. The next day, CsCl 
purified plasmld DNA was added to a final concentration of 0.1 to 2.0 
*ig/m1 followed by DEAE Dextran to 400 Mg/ml and chloroqulne to 100 p*. 
After 4 hours at 37 # C, the medium was aspirated and a 10% solution of 
dimethyl sulfoxide In phosphate buffered saline was added for 2 
minutes, aspirated, and replaced with OME/10% Calf Serum. 8 to 24 
hours later, the cells were trypslnlzed and split 1:2. 

For radlolabellng, the medium was aspirated 40 to 48 hours after 
transfectlon, the cells washed once with phosphate buffered saline, 
and DME medium lacking cysteine or methionine was added. 30 minutes 
later, 35 S-labeled cysteine and methionine were added to final 
concentrations of 30-60 jtel and 100-200 acl respectively, and the 
cells allowed to Incorporate label for 8 to 24 more hours. The 
supernatants were recovered and examined by electrophoresis on 7.5% 
poly acryl amide gels following denaturatlon and reduction, or on 5% 
polyacryl amide following denaturatlon without reduction. The CD4Bt1 
protein gave the same molecular mass with or without reduction, while 
the C04Et1 and C04Hrl fusion proteins showed molecular masses without 
reduction of twice the mass observed with reduction, Indicating that 
they formed dlmer structures. The CD4 IgH fusion proteins formed 
large mul timers beyond the resolution of the gel system without 
reduction, and monomers of the expected molecular mass with reduction. 

Unlabeled proteins were prepared by allowing the cells to grow 
for S to 10 days post transfectlon In DME medium containing 5% NuSerum 
and gentamlcln as above. The supernatants were harvested, 
centrlfuged, and purified by batch adsorption to either protein A 
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trlsacryl, protein A agarose, goat ant 1 -human IgG antibody agarose, 
rabbit anti-human IgM antibody agarose, or Monoclonal antt-C04 
antlbooy agarose. Antibody agarose conjugates were prepared by 
coupling purified antibodies to cyanogen broalde activated agarose 
according to the Manufacturer's recommendations, and using an antibody 
concentration of 1 mg/ml . Following batch adsorption by shaking 
overnight on a rotary table, the beads were harvested by pouring Into 
a sintered glass funnel and washed a few tines on the funnel with 
phosphate buffered saline containing IX Honldet P40 detergent. The 
beads were removed from the funnel and poured Into a small disposable 
plastic column (Qulk-Sep QS-Q column, Isolab), washed with at least 20 
column volumes of phosphate buffered saline containing 1* Nonldet P40, 
with 5 volumes of 0.15 N NaCI, 1 mH EDTA (pH 8.0), and eluted by the 
addition of either 0.1 M acetic acid, 0.1 N acetic acid containing 0.1 
H NaCI, or 0.25 M glyclne-HCl buffer, pH 2.5. 

EMMple. ?i — Blockage of Syncytium Formation bv the fusion Proteins 

Purified or partially purified fusion proteins were added to HP8- 
ALL cells Infected 12 hours previously with a vaccinia virus 
recombinant encoding HIV envelope protein. After Incubation for 6-8 
more hours, the cells were washed with piiosphate buffered saline, 
fixed with formaldehyde, and photographed. All of the full-length CD4 
Immunoglobulin fusion proteins showed Inhibition of syncytium 
formation at a concentration of 20 /ig/ml with the exception of the 
4Hrl protein, which was tested only at 5 jxg/ml and showed partial 
Inhibition of syncytium formation under the same conditions. 

EXMlPlt 4; Chromium Release Cytalvsls Assay 

The purified fusion proteins were examined for ability to fix 
complement In a chromium release assay using vaccinia virus Infected 
celr* as a model system. Namalwa (8 cell) or HPB-ALL (T cell) lines 
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were Infected with vaccinia virus encoding HIV envelope protein, and 
18 hours later were radiolabeled by Incubation In 1 mc1/m1 sodium 
sl chromite In phosphate buffered saline for 1 hour at 37*. The 
labeled cells were centrlfuged to remove the unincorporated chromate, 
and Incubated In Microti ter wells with serial dilutions of the C04 
Immunoglobulin fusion proteins and rabbit complement at a final 
concentration of 40%. After 1 hour at 37*, the cells were mixed well, 
centrlfuged, and the supematants counted In * gamma -ray counter. No 
specific release could be convincingly documented. 

Example 5: Binding of the CD4E?1 Protein to Fc Receptors 

Purified C04Et1 fusion protein was tested for Its ability to 
displace radiolabeled human IgGl from human Fc receptors expressed on 
COS cells 1n culture. The IgGl was radiolabeled with sodium 125 1odide 
using 1 mcl of Iodide, 100 pg of IgGl, and two Idobeads (Pierce). The 
labeled protein was separated from unincorporated counts by passage 
over a Sephadex G25 column equilibrated with phosphate buffered saline 
containing 0.5 mM EDTA and 5% nonfat milk. Serial dilutions of the 
CD4Et1 fusion protein or unlabeled IgGl were prepared and mixed with a 
constant amount of radiolabeled IgGl tracer. After Incubation with 
COS cells bearing the FcRI and RcRII receptors at 4*C for at least 45 
minutes in a volume of 20 jil, 200 pi of a 3:2 mixture of dlbutyl to 
dloctyl phthalates were added, and the cells separated from the 
unbound label by centrlfugatlon In a microcentrifuge for 15 to 30 
seconds. The tubes were cut with scissors, and the cell pellets 
counted In a gamma-ray counter. The affinity of the CD4Etl protein 
for receptors was measured In parallel with the affinity of the 
authentic IgGl protein, and was found to be the same, within 
experimental error. 



Example 6: Stable Expression of the Fusion Construct pC04Et1 1n Babv 
Hamster Kldnev Cells 
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Twenty-four hours before transfectlon, 0.5 x 10 6 baby hamster 
kidney cells (BMC; ATCC CCL10) were seeded In a 25 cm* culture flask 
1n Dulbecco's Modified tagle's medium (DHEM) containing 10% of fetal 
calf serum (rCS). The cells nor* cotransfected with a Mixture of the 
plasmlds pCMEfl (20 jig), pSV2dhfr (5 (tg; Lee et Nature 294 :228- 

232 (1981)) and pRMH140 (5 ng, Hudzlak iLlL. £all 21:137-146 (1982)) 
according to a Modified calcium phosphate trans feet 1 on technique as 
described In Zettlaelssl et f Ben ring ln« t. Res. Comm. 82:26-34 

(1988)). 72 h post-transfectlon, cells were split 1:3 to 1:4 (60 mm 
culture dishes) and resistant colonies were selected In OHEH medium 
containing 10% FCS, 400 j»g/ml G418 (6enet1c1n, 61bco) and 1 pH 
methotrexate (selection medium). The medium was changed twice a week. 
The resistant colonies (40-100/transfectlon) appeared 10-15 day post- 
transfectlon and were further propagated either as a mixture of clones 
(I.e., BHK-HK1) or as Individually Isolated clones. For the 
determination of the relative expression levels, clone mixtures or 
Individual clones were grown to confluency In T25 culture flasks, 
washed twice with protein- free DHEM medium, and Incubated for 24 h 
with 5 ml protein-free DHEM medium. These media were collected and 
subjected to a human IgG specific ELISA In order to determine the 
relative, expression levels of the C04-IgGl fusion protein CD4Et1. For 
further analysis an Individual clone (BHK-UC3) was chosen due to its 
high relative expression levels. 

E XilTOlC 7; DtttCtlOn Of the C04Eir1 Protein In Cult u re Supernatant* 

For 35 S Methionine labeling of cells, the clone BHK-UC3 and 
untransfected BHK cells (control) were grown to confluency In T25 
culture flasks and subsequently Incubated for two hours 1n HamF12 
medium without Methionine. Labeling was achieved by Incubating 24 h 
In 2.5 ml of the same medium containing 100 pC1 35 S methionine (1070 
Cl/mmole, Amersham). For the preparation of cell lysates, the labeled 
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cells were harvested in 1 ml of phosphite buffered saline; pH 7.2 
(PBS) and lysed by repetitive freezing and thawing. Cleared lysates 
(after centHfugatton 20000 rpm, 20 m1n) and culture supematants were 
Incubated with Protein A-Sepharose (Pharmacia) and the bound material 
was analyzed on a 10X SOS-Protein A-Sepharose (Pharmacia) and the 
bound material was analyzed on a 10% SDS-gel according to Laemmll 
( Nature 22Z:680-685 (1970)), which was subsequently autoradlographed. 
A specific band of about 80 KDa can be detected only in the 
supernatant of clone BHK-UC3, which 1s absent In the lysate of clone 
BHK-UC3 and 1n the respective controls. 

Example 8: Purification of the Protein C04Et1 — frpm friUgrg 

Supernatant s 

In order to demonstrate that the fusion protein coded by the 
plasmld pC04E7l can be obtained In high quantities, the clone BHK-UC3 
was grown in 1750 cm 2 roller bottles In selection medium (S00 ml). 
Confluent monolayers were washed twice with protein- free DMEM medium 
(200 ml) and further Incubated for 48 h with protein-free DMEM medium 
(500 ml). The conditioned culture supematants (1-2 1) and respective 
supernatants from untransfected BHK cells were cleared by 
centrifugation (9000 rpm, 30 m1n) and microf iltered through a 0.45 pm 
membrane (Nalgene). After addition of IX (v/v) of 1.9 M Tris-HCl 
buffer, pH 8.6, the conditioned medium was absorbed to a Protein A- 
Sepharose column equilibrated with 50 mM Tr1s-HC1 pH 8.6 buffer 
containing 150 mN NaCI (4*C). The loaded column was washed with 10 
column volumes of equilibration buffer. Elutlon of the C04*IgGl 
fusion protein CD4E7I was achieved with 0.1 N sodium citrate buffer, 
pH 3, followed by Immediate neutralization of the column efflux to ptf 
8 by Tr1s-base. The peak fractions were pooled, and the pool was 
analyzed on a Coomassle blue stained SOS-gel resulting In a band of 
the expected size (80 KOa), and which reacted with a polyclonal antl- 
human IgG heavy chain antibody and a mouse monoclonal anti-C04 
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antlbody (BHA040, Behrlngwerke) in Western Blots. The yields of 
purified fusion proteins obtained by the given procedure Is 5-18 mg/24 
h/1 culture supernatant. The respective value for a BHK clone mixture 
(about 80 resistai.t clones; BHK-MK1) as described above was 2-3 mg/24 
h/1. 

EMITOlfi 9; Physical and Bialaairai Characf ri ?«tinn af th» mar-i 

fusion Protein 

As proven by SOS-el ectrophores is on 10-15% gradient gels (Phast- 
System, Pharmacia) under non-reductive conditions, the C04E<rl fusion 
protein migrates at the position of a homodlmer (about 160 KOa) like a 
non-reduced mouse monoclonal antibody. This result Is supported by 
analytical equilibrium ultracentrlfugatlon, where the fusion protein 
behaves as a homogeneous dlmerlc molecule of about 150 KDa. The 
absorbance coefficient of the protein was determined as A 2 so - 18 
cnrVmg using the quantitative protein Jeterml nation according to 
Bradford I Anal . Bineh»ni, 72?aa.g«a (iotkjj 

The CD4E71 -fusion protein shows specific complex formation with a 
solubillzed Jgal-gpl20 fusion protein (pMB1790; Broker et al. . Behrino 
Ins;. RCS, CQmnun. fi2:338-348 (1988)) expressed in g. call . In this 
protein (110 KOa), a major part of the HIV gpl20 protein (Val 49 - 
Tr P64€> is f "**i *<> ^-galactosidase (amino acids 1-375). In a control 
experiment a 67-K0a Igal-HIV 3'orf fusion protein (lgall-375; 3'orf 
Prol4-Aspl23) showed no complex formation. In these experiments, the 
CD4E71 -protein was incubated with the respective fusion protein In 
molar rations of about 5:1. The complex was isolated by binding to 
Protein A-Sepharose and the Protein A-Sepharose bound proteins- - 
together with relevant controls— were analyzed on 10-15X gradient SOS- 
gels (Phast-Systew, Pharmacia). 

The C04Et1 fusion protein binds to the surface of HIV (HIV1/HTLV- 
II IB) Infected cultured T4- lymphocytes as determined by direct 
Immunofluorescence with fluoresceln-lsothlocyanate (FITC) labeled 
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CWE7I protein. It blocks syncytia formation 1n cultured T4- 
lymphocytes upon HIV Infection (0.25 TCID/cell) at a concentration of 
10 n/m). Furthermore, HIV-infected cultured T4- lymphocytes (subclone 
of c?11 line H9) are selectively killed upon Incubation with C04Et1 In 
the presence or absence of complement: To a highly (>50X) HIV 
Infected culture of T4- lymphocytes (10 6 cells/ml) 50, 10 or 1 w/m1 
CD4Et1 fusion protein was added In the presence or absence of guinea 
pig complement. Cells were observed for specific killing by the 
fusion protein, which Is defined by the percentage of killed cells 
after 3 days 1n relation to viable cells In the culture at the 
beginning of the experiment corrected by the values for unspedflc 
killing observed In control cultures, lacking the CD4E7I fusion 
protein (Table 5, Experiment I). Surprisingly, addition of C04Et1 
protein to the Infected T4 cells 1n the absence of complement resulted 
In similar specific killing rates as 1n the presence of complement 
(Table 5, Experiment II). This result demonstrates a complement 
Independent cytolytic effect of CD4Et1 on HIV Infected T-lymphocytes 
In culture. 



Table 5 



Ho. Experiment 



Assay System 



Specific Killing (*) 



non- infected T4-cells 

♦ 50 fig/ml CD4Et1 ♦ Compl. 



0.7 



Infected T4-cells 

♦ 50 |tg/m1 CD4E71 ♦ Compl. 



3S.1 



Infected T4-cel1s 

♦ 10 M9/ml CO4E7I 4 Compl. 



25.1 



Infected T4-cells 

♦ 1 Mg/ml CO4E7I ♦ Compl. 



25 



II 



Infected T4-ce11s 

♦ 10 /ig/ml C04E71 ♦ Compl. 



49.9 



Infected T4-cells 

♦ 10 /ig/ml CD4E71 ♦ Compl. 



69.4 
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H,v1ng now fully describe this Invention. It will be appreciated 

^7 i" ?" * rt *. ,« can be p.rfo^u?^ 

IhcdT^ ^ ^ ° f conditions, ,nd 

..thods of preparing such fusion profln, without departing fro* the 
spirit or scope of the Invention or any «*od,«« n t thereof. 
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WHAT IS CLAIHEP IS- 



1. A fusion protein gene comprising 1) the ONA sequence of C04, 
or fragment thereof which binds to HIV gpl20, and 2) the ONA sequence 
of an Imrmoglobulln heavy chain, wherein the ONA sequence which 
encodes the variable region of said Immunoglobulin chain has been 
replaced with the ONA sequence which encodes CD4, or said gpl20 
binding fragment thereof. 



2. The fusion protein gene of clalei 1, wherein the ONA sequence 
which encodes said fragment of CD4 comprises the following ONA 
sequence: 

CAATGAACC666 

120 

GTTACTTGGCCC 

GAGTCCCTTTTAS6CACTTGCTTCT66T6CT6CAACT66C6CTCCTCCCA6CAGCCACTC 
121 ♦ ♦ ♦ + ♦ iso 

CTCAGGGAAAATCCGTGAACGAAGACCACGACGTTGACCGCGAGGAGGGTCGTCGGTGAG 

AGGGAAAGAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGTACAGCTT 

181 ♦ + ♦ ♦ ♦ 240 

TCCCTTTCTTTCACCAC6ACCC6TTrnTCCCCTATGTCACCTTGACTG6ACATGTC6AA 

CCCAGAA6AA6AGCATACAATTCCACTG6AAAAACTCCAACCA6ATAAAGATTCTGGGAA 

241 ♦ — ♦ 300 

GGGTCTTCTTCTCGTAT6TTAA66T6ACCTTTTT6AGGTTGGTCTATTTCTAAGACCCTT 

ATCAGGGCTCCTTCTTAACTAAAGGTCCATCCAAGCT6AAT6ATCGCGCT6ACTCAAGAA 
301 ♦ + ♦ + + 360 

TA8TCCCGAGGAA6AAT V 6ATTTCCAGGTAGGTTCGACTTACTAGCGCGACTGAGTTCTT 

GAAGCCTTTGGGACCAAGGAAACTTCCCCCTGATCATCAAGAATCTTAAGATA6AAGACT 
361 ♦ + ♦ + 420 

CTTC66AAACCCTG6TTCCTTT6AAGGG66ACTA6TAGTTCTTAGAATTCTATCTTCTGA 
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CAGATACTTACATCT6T6AAGTGGAG6ACCA6AAG6A6GA6GTGCAATTGCTAGTGTTCG 
GTCTAT6AATGTA6ACACTTCACCTCCTGfiTUTTCCTCCTCCACSTT^CSATCACAAGC 



&ATT6ACTGCCAACTCTGACACCCACCT6CTTC 
481 + ♦ 

CTAACTGACGGTT6AGACT6TGGGT66ACGAAG 

or. a degenerate variant thereof. 

3. The fusion protein gene of claim 1, wherein said ONA 
sequence which encodes said fragment of C04 comprises the following 
DNA sequence: 

CAATGAACCGGG 

120 

6T7ACTTGGCCC 

GAGTCCCTTTTAGGCACTTGCTTCTGGTGCTGCAACTGGCGCTCCTCCCAGCAGCCACTC 
121 ♦ ♦ + + + iso 

CTCAGGGAAAATCCGTGAACGAAGACCACGACGTTGACCGCGAGGAGGGTCGTCGGTGAG 



AGGGAAAGAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGTACAGCTT 
TCCCTTTCTTTCACCAC6ACCCGTTTTTTCCCCTATGTWCCTTGACK 



CCCAGAAGAA6AGCATACAATTCCACTG6AAAAACTQCAACCAGATAAAGATTCTGGGAA 

2<1 ♦ ♦ ♦ ♦ ♦ 300 

GGGTCncnCTCGTATGTTAAGGTGACCTTTTTGAGGTTGGTCTATTTCTAAGACCCTT 



ATCAGGGCTCCT7CTTAACTAAAGGTCCATCCAAGCTGAATGATCGCGCTGACTCAAGAA 
TAGTCCCGAGGAA6AATTGATTTCCAGGTAGGTTCGACTTACTAG^ 



GAAGCCTTTGGGACCAAGGAAACTTCCCCCTGATCATCAAGAATCTtAAGATAGAAGACT 
361 ♦-- — + + + 420 

CTTCGGAAACCCTG6TrcCTTT6AAGGGGGACTAGTAGTTCTTAGAATTCTATCT7CTGA 



.CAGATACTTACATCTGTGAAGTGGAG6ACCAGAAGGAGGAGGTGCAATTGCTAGTGTTCG 
6TCTAT6AATGTAGACACTTCACCTCCTGGTCnCCTCCTCCACGTTAAC 



6ATTGACTGCCAACTCTGACACCCACCTGCTTCAGGGGCAGAGCCTGACCCTGACCTTGG 
*81 ♦ ♦ ♦ ♦ ♦ 540 

CTAACTGACGGTT6AGACTGTGGG7GGACGAAGTCCCCGTCTCGGACTGGGACTGGAACC 
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S41 ^f^ff-^^Ifflf ^ A6 ^^^^^*^®^*^ T * 6 ^*fiTCCAAG66fiTAAAAACATAC 

TCTCG6GGGGACCATCATC GGG6A6TCACCTT AWTCCTSwTTCCCMTrTrTGTATG 6 °° 

AGGGGGGGAAGACCCTCTCCGTGTCTCAG 

TCCCCCCC TTCTfiGfiAGAGGCACASAGTC 

or a degenerate variant thereof. 

globulin chain Is of the class IgM. IgGl or IgG3. 

5. A fusion protein gene comprising 1) the ONA sequence of C04 

0 °f r tt th r:°: wMeh b,nds to hiv °> iz °- ~ *> *• ™ 

encodes 7°°° T„ ^ the ^ 

encode, the variable region of said Immunoglobulin light chain has 

btd n m r r aced : Uh the ** $equence wh,ch ™«» - gp, zl- 

binding fragment thereof. 

-Mr/' T . h " fU$1 ° n Pme1n gen ' ° f eUl " 5 ' " here,n **• »» "quence 
sequence fr ' 9ment ° f CM C0WPr1$e$ the f °""^ ™ 

CAATGAACCGGG 

-+ 120 

6TTACTTGGCCC 



121 



6AGTCCCTTTTAGGCACTTGCTTCTGGTGCTGCAACTGGCGCTCCTCCCAGCAGCC 



-+ 



■+ 



ACTC 



180 



CTCAG6GAAAATCCGTGAACGAA6ACCACGACGTT6ACCGCGAG6AGGGTCGTCGGTGi 



AG 



A6GGAAAGAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGTACAGCTT 
181 ♦ + + + 

TCCCTTTCTTTCACCACGACCCGTTTTncCCCTATG 



WON/WM 
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CCCAGAA6AAGAGCATACAATTCCACT6GAAAAACTCCAACCA6ATAAAGATTCT66GAA 

241 ♦ ♦ ♦ + ♦ 300 

6G6TCTTCTTCTC6TATGTTAA6GT6ACC 1 1 1 1 1 6AGGTTGGTCTATTTCTAAGACCCTT 

ATCAG6GCTCCTTCTTAACTAAAG6TCCATCCAAGCTGAATGATCGCGCTGACTCAAGAA 

301 ♦ ♦ ♦ ♦ + 360 

TAGTCCCGAGGAAGAATTGATTTCCAGGTA66TTCGACTTACTAGCGCGACTGAGTTCTT 

GAAGCCTTTGGGACCAAGGAAACTTCCCCCTGATCATCAAGAATCTTAAGATAGAAGACT 

361 + ♦ ♦ + + 420 

CTTC6GAAACCCTG6TTCCTTTGAAGGGGGACTAGTA6TTCTTAGAATTCTATCTTCTGA 

CAGATACTTACATCTGTGAAGTGGAGGACCAGAAGGAGGAGGTGCAATTGCTAGTGTTCG 

421 ♦ ♦ ♦ -+ + 480 

GTCTATGAATGTAGACACTTCACCTCCT66TCTTCCTCCTCCACGTTAACGATCACAAGC 



GATTGACTGCCAACTCTGACACCCACCTGCTTC 

481 ♦ ♦ 

CTAACTGACGGTTGAGACTGTGGGTGGACGAAG 



or a degenerate variant thereof. 

7. The fusion protein gene of claim 5, wherein the DNA sequence 
which encodes said fragment of CD4 comprises the following DNA 
sequence: 

CAATGAACCGGG 



120 

GTTACTTGGCCC 

GAGTCCCTTTTAGGCACTTGCTTCTGGTGCTGCAACTG6CGCTCCTCCCAGCAGCCACTC 

121 ♦ ♦ ♦ ♦ ♦ 180 

CTCAGGGAAAATCCGTGAACGAAGACCACGACGTTGACCGCGAGGAGGGTCGTCGGTGAG 
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AGGGAAAGAAAGTGGTGCTG6GCAAAAAAGGGGATAOIGTGGAACTGACCTGTACAGCTT 

181 ♦ ♦ ♦ ♦ ♦ 240 

TCCCTTTCTTTCACCACGACCC6TTTTTTCCCCTAT6TCACCTTGACTGGACATGTCGAA 

CCCAGAAGAAGA6CATACAATTCCACT6GAAAAACTCCAACCAGATAAAGATTCTGGGAA 

241 ♦ ♦ ♦ ♦ ♦ 300 

GGGTCTTCTTCTCGTAT6TTAAGGTGACCTTTTTGAGGTT6GTCTATTTCTAAGACCCTT 

ATCAGGGCTCCTTCTTAACTAAAGGTCCATCCAAGCTGAATGATCGCGCTGACTCAAGAA 

301 - + + ♦ ♦ ♦ 360 

TAGTCCCGAGGAAGAATTGATTTCCAGGTAGGTTCGACTTACTAGCGCGACT2AGTTCTT 

GAAGCCTTTGGGACCAAGGAAACTTCCCCCTGATCATCAAGAATCTTAAGATAGAAGACT 

361 ♦ ♦ + ♦ ♦ 420 

CTTCGGAAACCCTGGTTCCTTTGAAGGGGGACTA6TAGTTCTTAGAATTCTATCTTCTGA 

CAGATACTTACATCTGTGAAGTGGAGGACCAGAAGGAGGAGGTGCAATTGCTAGTGTTCG 

421 ---+ ♦ ♦ ♦ ♦ -- 480 

GTCTATGAATGTAGACACTTCACCTCCTGGTCTTCCTCCTCCACGTTAACGATCACAAGC 

GATTGACTGCCAACTCTGACACCCACCTGCTTCAGGGGCAGAGCCTGACCCTGACCTTGG 

481 + ♦ ♦ +--- 540 

CTAACTGACGGTTGAGACTGTGGGTGGACGAAGTCCCCGTCTCGGACTGGGACTGGAACC 

AGAGCCCCCCTGGTAGTAGCCCCTCAGTGCAATGTAGGAGTCCAAGGGGTAAAAACATAC 

541 + + + ♦ + 600 

TCTCGG6G6GACCATCATCGGG6AGTCACGTTACATCCTCAGGTTCCCCATTTTTGTATG 



AGGGGGGGAAGACCCTCTCCGTGTCTCAG 

601 --- ♦ ♦ 

TCCCCCCCTTCTGGGAGAGGCACAGAGTC 



or a degenerate variant thereof. 



8. A vector comprising the fusion protein gene of claim 1. 

9. The vector of claim 8, having the Identifying characteris- 
tics of pCD4H7l, which has been deposited 1n E. coll at the ATCC under 
the terms of the Budapest Treaty under Accession No. 67611. 

10. The. vector of claim 8, having the Identifying 
characteristics of pCD4Mp, which as been deposited In E. call at the 
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ATCC under the terms of this Budapest Treaty under Accession 
No. 67609. 

11. The vector of claim 8, having the Identifying 
characteristics of P C04P M , which has been deposited In E. coll at the 
ATCC under the Budapest Treaty under Accession No. 67608. 

12. The vector of claim 8, having the Identifying 
characteristics of pC04E 7 l, which has been deposited 1n E. coll at the 
ATCC under the terms of the Budapest Treaty under Accession No. 67610 



13, 



A vector comprising tne fusion protein gene of claim 5. 



14. A host transformed with the vector of claim 8. 

15. The host of claim 14 which expresses an Immunoglobulin light 
chain together with the expression product of said fusion protein gene 
to give an 1mmunoglobul1n-l1ke molecule which binds to g P l20. 

16. A host transformed with the vector of claim 13. 

17. The host of claim 16 which expresses an Immunoglobulin heavy 
chain together with the expression product of said fusion protein gene 
to give an .mmunoglobulln-llke molecule which binds to HIV or SIV 
gpl20. 

18. The host of claim 17, wherein said Immunoglobulin heavy 
chain Is of the Immunoglobulin class IgM, IgGl or IgG3. 

19. A method of producing a fusion protein comprising C04. or 
fragment thereof which binds to gpl20, and Immunoglobulin heavy chain, 
wherein the variable region of the Iwminoglobulln chain has been 
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substltuted with C04 t or fragment thereof which binds to HIV or SIV 
gpl20, which comprises 

cultivating 1n a nutrient medium under protein-produc- 
ing conditions, a host strain transformed with the vector of 
claim 6, said vector further comprising expression signals which 
are recognized by said host strain and direct expression of said 
fusion protein, and 

recovering the fusion protein so produced* 

20. The method of claim 19, wherein said host strain Is a 
myeloma cell line which produces Immunoglobulin light chains and said 
fusion protein comprises an Immunoglobulin heavy chain of the class 
IgM, IgGl or IgG3, wherein an Immunoglobulin- like molecule comprising 
said fusion protein Is produced. 

21. A method of producing a fusion protein comprising CD4, or 
fragment thereof which binds to gpl20, and an Immunoglobulin light 
chain, wherein the variable region of the Immunoglobulin chain has 
been substituted with CD4 t or fragment thereof which binds to HIV or 
SIV gpl20, which comprises: 

cultivating in a nutrient medium under protein-produc- 
ing conditions, a host strain transformed with the vector of 
claim 8, said vector further comprising expression signals which 
are recognized by said host strain and direct expression of said 
fusion protein, and 

recovering the fusion protein so produced. 

22. The method of claim 21, wherein said host produces Immuno- 
globulin heavy chains of the class IgM, IgGl and IgG3 together with 
said fusion protein to give an 1mmunoglobul1n-l1ke molecule which 
binds to HIV-gpl20. 
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23. A fusion protein comprising CD4, or fragment thereof which 
Is capable of binding to HIV or SIV gpl20, fused at the C-terminus to 
a second protein which comprises an ioiRunoglobul in heavy chain of the 
class IgM, IgGl or IgG3 f wherein the variable region of said heavy 
chain Immunoglobulin has been replaced with CD4, or HIV gpl20-bind1ng 
fragment thereof. 

24. The fusion protein CtMHrl. 

25. The fusion protein C04M^. 

26. The fusion protein C04Pji. 

27. The fusion protein C04Et1. 

28. The fusion protein CD4Bt1. 

29. The fusion protein of claim 23 which 1s detectably labeled. 

30. The fusion protein of claim 23, further comprising a 
therapeutic agent, radlolabel or NMR Imaging agent linked to said 
fusion protein. 

31. A Immunoglobul in-like molecule, comprising the fusion 
protein of claim 23 and an Immunoglobulin light chain. 

32. The Immunoglobul in- like molecule of claim 31, further 
comprising a delftctafele label . 




33. The immunoglobul In- like molecule of claim 31, further 
comprising a therapeutic agent, radlolabel or NMR imaging agent linked 
to said Immunoglobul ln-1 Ike molecule. 
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34. A fusion protein comprising CD4, or fragment thereof which 
binds to HIV gpl20, fused at the C-termlnus to a second protein 
comprising an immunoglobulin light chain where the variable region has 
been deleted. 

35. The fusion protein of clal-a 23, wherein said CD4 fragment 
comprises the following amino add sequence: 

NNRG 

VPFRHLLLVLQLALLPAATQ 
GKKVVLGKKGDTVELTCTAS 
QKKSIQFHWKNSNQIKILGN 
QGSFLTKGPSKLNORAOSRR 
SLWOQGNFPLI IKNLKIEDS 
DTYICEVEOQKEEVQLLVFG 
LTANSDTHLLQ 

36. The fusion protein of claim 23, wherein said CD4 fragment 
comprises the following amino acid sequence: 

M N R G 

VPFRHLLLVLQLALLPAATQ 
GKKVVLGKKGOTVELTCTAS 
QKKSIQFHWKNSNQIKILGN 
QGSFLTKGPSKLNORAOSRR 
SLWOQGNFPLI IKNLKIEDS 
DTYICEVEOQKEEVQLLVFG 
LTANSOTHLLQGQSLTLTLE 
SPPGSSPSVQCRSPRGKNIQ 
GGKTLSVSQ 

37. The fusion protein of claim 34 which Is detectably labeled. 

38. The fusion protein of claim 34, further comprising a 
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therapeutlc agent, radlolabel op NMR imaging agent linked to said 
fusion protein. 

39. An Innunoglobulln-Uke molecule comprising the fusion 
protein of claim 34 and an Immunoglobulin heavy chain of the class 
IgM, IgGl or IgG3. 

40. The Immunoglobulin- like molecule of claim 39, further 
comprising a detectable label. 

41. The Immunoglobul in-like molecule of claim 39, further 
comprising a therapeutic agent, radlolabel or NNR Imaging agent linked 
to said Immunoglobul in-like molecule. 

42. A complex comprising the fusion protein of claim 23 and HIV 
or SIV gpl20. 

43. The complex of cVUm 42, wherein said gpl20 Is a part of an 
HIV or SIV, 1s expressed on the surface of an HIV or SIV- Infected cell 
or 1s present in solution. 

44. A complex comprising the fusion protein of claim 34 and HIV 
or SIV gpl20. 

45. The complex of claim 43, wherein said gp!20 1s a part of an 
HIV or SIV, 1s expressed on the surface of an HIV or SIV Infected cell 
or Is present 1n solution. 

46. A method of treating HIV or SIV Infections, comprising 
administering the fusion protein of claim 23 to an animal. 

47. The method of claim 46, wherein said animal Is a human. 
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48. A method of treating HIV or SIV Infections* comprising 
administering the fusion protein of claim 34 to an animal. 

43. The method of claim 48, wherein said animal Is a human. 

50. A method for the detection of HIV or SIV gpl20 1n a sample, 
comprising 

(a) contacting a sample suspected of containing HIV or SIV 
gp!20 with the fusion protein of claim 23, and 

(b) detecting whether a complex 1s formed. 

51. The method of claim 50, wherein said fusion protein 1s 
detectably labeled. 

52. A method for the detection of HIV or SIV gp!20 1n a sample, 
comprising 

(a) contacting a sample suspected of containing HIV or SIV 
gpl20 with the fusion protein of claim 34, and 

(b) detecting whether a complex has formed. 

53. The method of claim 52, wherein said fusion protein 1s 
detectably labeled. 
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